Effect of Biopolymer Loading into High Porosity Polymer Adsorbent for Carbon Dioxide Adsorption  by Saiwan, Chintana et al.
 Energy Procedia  63 ( 2014 )  2305 – 2311 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
doi: 10.1016/j.egypro.2014.11.249 
GHGT-12 
Effect of Biopolymer Loading into High Porosity Polymer 
Adsorbent for Carbon Dioxide Adsorption 
Chintana Saiwana, *, Supparoek Jaroensina, Paitoon Tontiwachwutikulb 
aPetroleum and Petrochemical College, Chulalongkorn University, Bangkok 10330, Thailand 
bClean Energy Technologies Institute, University of Regina, SK, Canada, S4S 0A2 
Abstract 
The effect of biopolymer (BP) on polymer obtained from high internal phase emulsion (HIPE) polymerization was studied. 
Divinylbenzene (DVB) and mixed surfactants were used in emulsion preparation. More BP could be added to the 
poly(DVB)HIPE when the amount of mixed surfactant was increased. The highest possible BP wt% in the BP-poly(DVB)HIPE 
was 77 wt%. The structure of polyHIPE before and after loading BP showed a highly interconnected pore network. The surface 
area decreased when the amount of BP increased. The CO2 adsorption capacity of BP-poly(DVB)HIPE was measured to be 0.173 
mmol/g in the moisturized condition. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
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1. Introduction 
The growing world population means that there are increases in the various needs for living, i.e. food, services, 
and energy. As a consequence, there is an increase in industrial activities to serve those needs, which can lead to a 
negative impact on the environment. Carbon dioxide (CO2), one of the greenhouse gases resulting from 
industrialization is being emitted at a much higher percentage than the other gases. At present, there are several 
technologies for capturing CO2 emitted from industries: solvent absorption (solvent scrubbing), adsorption, 
membrane systems, and cryogenic fractionation. New alternative methods have been developed with a focus on 
increasing adsorption efficiency, environmental friendliness and cost effectiveness. High internal phase emulsions 
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(HIPEs) are one of the innovative synthesis methods currently being used. Normatov et.al [1] has reported that 
polyHIPEs are a well-established class of porous and permeable materials from the polymerization of monomers and 
cross-linking of co-monomers in the continuous phase of HIPE. Cameron [2] has reported that the most widely used 
polyHIPEs are synthesized from styrene and divinylbenzene (DVB) as the organic phase of the emulsion. 
Polymerization occurs around the emulsion droplets, which create void fractions and reach pore volume levels of 
0.99 in the final material. The size of the pores relies on the degree of cross-linking, so the pore size increases where 
cross-linking has taken place, but the physical stability of the porous polymer decreases. Halibach et.al [3] used 
DVB as a crosslinker and synthesized highly porous, low-density polymer foams with superior mechanical 
properties by the polymerization of the organic phase of the concentrated emulsion. The polymers were reinforced 
by nanosized silica particles that were covalently incorporated into the polymer network by adding 
methacryloxypropyltrimethoxysilane (MPS). The results showed that the Young’s modulus of the silica reinforced 
foams increased and the crush strength also increased in comparison to foams without reinforcement. Biopolymers 
(BP) are semi-synthetically derived amino polysaccharides that have unique structures and multidimensional 
properties,; highly sophisticated functionality, as well as a wide range of applications in the biomedical field. They 
are also compatible and effective biomaterials that are used in many industries. In this research, a biopolymer (BP) is 
a copolymer of β-[1,4]-linked-2-acetamido-2-deoxy-D-glucopyranose and 2-amino-2-deoxy-D-glucopyranose, 
which also contains polyamines. Primary amines in the structure have the ability to react with CO2. In this work, a 
high surface area poly(DVB)HIPE material loaded with BP was studied using the HIPE (water/oil) technique. The 
obtained adsorbent was tested for CO2 adsorption. 
2. Experiments 
2.1 Chemicals and equipment 
Biopolymer (BP, M.W. 200 kDa) was supplied by Bio21 (Thailand).  It was purified with sodium hydroxide (NaOH, 
commercial grade, Union Chemical 1986, Thailand) and sodium borohydride (NaBH4, 97%, Labchem, Australia). 
Hydrochlroric acid (AR grade, RCI Labscan, Thailand) and NaOH (≥ 99%, Merck) were used in a titration method to 
determine a degree of purification of purified biopolymer. Acetic acid (AR grade, RCI Labscan, Thailand) was used to 
dissolve BP to make a solution and thin film for FTIR. Divinylbenzene (DVB, AR grade, Merck) was used as a 
monomer. Sorbitanmonolaurate (Span80), dodecylbenzenesulfonic acid (DDBSS) and cetyltrimethylammonium 
bromide (CTAB, ≥ 96.0 %) were supplied by Sigma – Aldrich. They were used as surfactants to produce a high internal 
phase emulsion (HIPE). Potasium persulphate (K2S2O8, 99.0%, Merck), calcium chloride dihydrate (CaCl2•2H2O, AR 
grade, J.T. Baker Chemicals, Holland) and distilled water were used as aqueous phase. Toluene (AR grade, RCI 
Labscan, Thailand) was used as a porogen in the emulsion. Ethanol (AR grade, RCI Labscan, Thailand) was used as a 
solvent in a Soxhlet extraction. 
2.2 Purification of biopolymer 
Firstly, BP (100 g) and sodium borohydride (NaBH4; 0.5000 g) were mixed together and immersed in 2 L of 50 % 
w/w sodium hydroxide (NaOH) solution for 1 h at 120 ºC in an autoclave. The purified BP was washed with distilled 
water until the pH was neutral. The purified BP was dried in a vacuum oven at 80 ºC overnight and then kept in a 
desiccator. 
 
2.3 Preparation of polyHIPE 
The BP was ground to a smaller size by using a ball mill (particle size less than 62 μm). High surface area materials 
were prepared by a method described in reference [4]. Mixed surfactants (Span 80, 0.3611 g, DDBSS, 0.0228 g and 
CTAB, 0.0717 g) and BP were mixed in a flask. One milliliter of DVB and 1 mL of toluene were added to the flask, 
then the solution was magnetically stirred until the solution was well mixed into the homogeneous phase. The aqueous 
phase containing K2S2O8 (0.0405 g) as an initiator, CaCl2•2H2O (0.2089 g), and distilled water (18 mL) were mixed 
together and slowly added to the stirred mixture. To obtain a highly viscous emulsion, the stirring rate (120 rpm) was 
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kept constant for 1 h at room temperature. Next, the emulsion was transferred to a mold and placed in a water bath at 
343 K for 24 h. The polymerized sample was removed from the mold, put into a cellulose thimble, and extracted in a 
soxhlet apparatus with ethanol for 12 h to remove any impurities, and finally dried at 353 K to achieve a constant 
weight.  
2.3.1 Effect of BP 
A specific amount of BP, in solid form, in a range below 230 mesh (≤ 62 microns) was loaded into an emulsion. The 
BP solid was varied from 0, 7, 11, 16 to 23 wt% related to the weight of DVB. There was an attempt to add more BP in 
solution form in the poly(DVB)HIPE material. The BP concentration in an aqueous solution of acetic acid was also 
varied at 30, 50, 70, 100, 120, and 150 wt% related to the weight of DVB. 
2.3.2 Effect of mixed surfactants 
The amount of mixed surfactants was varied in order to increase the amount of BP in the emulsion. The total wt% of 
the mixed surfactants were varied, 20, 23 and 25 wt% while keeping the ratio of each surfactant constant.  
2.4Characterization 
2.4.1 Fourier transform infrared spectrometer (FT-IR) 
An FT-IR spectrometer (Nicolet/Nexus 670 Model, Massachusetts, USA) was used to analyze the functional groups 
of the purified BP (amide groups) to determine the degree of deacetylation and the samples, which were in the form of a 
thin film casting. The FTIR spectra were obtained with 16 resolutions, 64 scans in the wave number range of 400 — 
4000 cm-1, with air as the background. 
2.4.2 Scanning electron microscopy (SEM) 
A scanning electron microscope (SEM) was used to analyze the morphology and porous features of the BP-
polyHIPE. This characterization was performed on a Hitachi/S-4800 Model (Tokyo, Japan). Samples were coated with 
platinum, under vacuum before observation, to make them electrically conductive. 
2.4.3 Surface area and pore size of BP-polyHIPE 
Specific surface area and pore size distribution were characterized by nitrogen adsorption/desorption measurements 
using a surface area analyzer (Quantachrome/Autosorb 1-MP Model, Florida, USA). Before analysis, the samples were 
dried in a vacuum oven overnight at 423 K and degassed at 453 K for 8 h in a vacuum furnace. Surface area was 
calculated by using the BET method. 
2.4.4 Thermogravimetric analysis 
Thermogravimetric analysis (TGA) with a thermogravimetric analyzer (METTLER TOLEDO, model TGA/DSC, 
Ohio, USA) was performed under nitrogen gas to measure the thermal stability of the BP-polyHIPE. Samples were cut 
into small (2-3 mg) pieces and loaded in alumina pans, then heated from 298 K to 873 K at a heating rate of 283 K.  
2.5 CO2 adsorption  
CO2 gas (4 %) was prepared by mixing premixed gas (15 % CO2/N2) from a gas cylinder with pure N2 in a mixing 
chamber. The mixed gas was then controlled to a fixed pressure for ventilation, enabling a small quantity of 4 % CO2 
gas to pass through the rotameter at a flow rate of 5 mL/min.  The concentration of CO2 was analyzed by a gas 
chromatography-thermal conductivity detector (GC-TCD). The adsorption column was a 39 cm long tubular fixed-bed 
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reactor with an inner cell diameter of 4 mm and outer cell diameter of 6 mm. It was vertically oriented for even 
distribution of the adsorbent. The column, covered with a 40 cm long insulator, which was wound with a heating tape to 
maintain a stabilized temperature throughout the entire experiment. In the top 18.5 cm of the column, the adsorbent was 
packed and emplaced in glass wool at the top and the bottom to support the BP-poly(DVB)HIPE, so that the feed would 
run against gravity. A thermocouple was inserted at the bottom of the column to determine the temperature of the 
internal column. For CO2 adsorption, 0.15 g of the adsorbent was fed into a fixed-bed reactor and adsorption was 
conducted at room temperature and atmospheric pressure. The concentration of CO2 coming from the outlet of the 
reactor was continuously monitored using GC-TCD. The entire setup of CO2 adsorption experiment followed 
Kungwanwattana et al [5]. The adsorption capacities were measured in dry and moisturized conditions. For the effects 
of moisture, the BP-poly(DVB)HIPE was prepared by equilibrating dry adsorbent in a moisturized and closed system 
for 20 h at room temperature. The dynamic adsorption capability of BP-polyHIPE was determined following reference 
[6]. 
3. Results and discussion 
3.1 Purification of biopolymer  
The purchased BP was purified with NaOH solution before using to obtain a high degree of purity (higher amine 
group in the structure). The degree of purity of the purified BP was determined by two methods: titration and FT-IR. 
The quantity of the amine group in BP was determined by the titration of the BP solution with NaOH solution [7]. 
Firstly, the excess and known concentration of hydrochloric acid (HCl) was added to react with the amine of BP and 
secondly, HCl remaining was titrated with the NaOH solution. Thus, there were two equivalent points. The first 
equivalent point was due to the neutralization of the excess HCl. The second equivalent point was due to the 
displacement of HCl bound to the primary amino groups in the BP structure. The degree of purification was calculated 
and the result was 96.05% + 0.07%. FT-IR was also used to find the degree of purification of BP to confirm the titration 
result [8].  
 
 
 
 
 
 
 
 
 
 
Figure 1 IR spectra of original BP and purified BP.  
The IR spectra of each BP were similar, but there were some different points (Figure 1). The noticeable difference 
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was the decrease of characteristic the peak at 1655 cm−1 corresponding to amide band I that was employed for the 
determination of the residual N-acetylglucosamine (CONH) monomer in the highly purified BP. The degree of 
purification of BP can be determined by using the peak absorbance ratio of the amide band I at 1655 cm-1 to the CH 
stretching band at 2867 cm-1. The result was 96.80 % + 0.36 % degree of purification. 
3.2 Preparation of poly(DVB)HIPE 
3.2.1 Effect of biopolymer 
In this part of the experiment, preparation of poly(DVB)HIPE was 10 vol% for the organic phase and 90 vol% for 
the aqueous phase. A mixed surfactant (20 wt%) was used to stabilize the emulsion condition. The amount of BP solid 
and BP in an aqueous solution of acetic acid were varied in proportion to the weight of the monomer. The BP solid was 
well dispersed in the emulsion. It also served as the mechanical barrier to prevent coalescence of the aqueous phase 
droplets. However, dispersion of BP became more difficult at 23 wt% because the emulsion was too viscous. 
Additionally, when BP was more than 23wt%, phase separation occurred. The SEM micrographs of BP-
Poly(DVB)HIPEs in Figure 2 show porous foams with an open, porous network structure. All of the poly(DVB)HIPE 
samples were polymerized under the same conditions. Fig. 2a shows the open, porous structure of the polyHIPE before 
adding BP. Fig. 2b and c show the morphology of the same polyHIPE containing 16 wt% BP, at magnifications of 
3000x, and 500x, respectively. The BP dispersed well in the porous structure. Fig. 2d is an enlargement of the marked 
section in Fig. 2c showing agglomeration of BP particles due to the high hydrophilicity of the BP in the hydrophobic 
structure of the poly(DVB)HIPE. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure 2 SEM micrographs of poly(DVB)HIPE filled with different amounts of solid BP: (a) 0 wt% at 3000X, (b) 16 wt% at 3000x, (c) 16 wt% 
at 500x (d) High magnification of marked section in picture (c). 
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The addition of BP solution in the aqueous phase could be loaded as high as 150 %wt in proportion to DVB 
monomer. The addition of BP into poly(DVB)HIPE was confirmed by observing N-H stretching, C-N stretching, and 
N-H wagging at 3455, 1153, and 1077 cm-1, respectively, in the FTIR spectra. BP-Poly(DVB)HIPE contained 77.32 %  
BP. 
The surface morphology of BP-poly(DVB)HIPE was investigated by SEM and it was found that the morphology of 
the BP-poly(DVB)HIPE material showed a lower number of secondary pores in the network of the structure than 0 % 
BP poly(DVB)HIPE. The surface area of poly(DVB)HIPE decreased from 303 m2/g to 102 m2/g after loading BP. The 
thermal stability and decomposition temperature of the BP-poly(DVB)HIPE material was determined by TG analysis. 
The decomposition temperature slightly increased from 712 K to 728 K when BP was added. The BP-poly(DVB)HIPE 
material was used as an adsorbent for CO2 adsorption. 
3.3 CO2 Adsorption 
The adsorption capacity of dry BP-poly(DVB)HIPE was 0.117 mmol/g. Though BP was accounted for 77 %, the 
polyamine groups of BP in the poly(DVB)HIPE material did not give CO2 adsorption as high as it was expected 
probably due to coiling of BP which prevented accessibility of CO2 to the amine groups. The effects of moisture on CO2 
adsorption was also studied by using moisturized BP-poly(DVB)HIPE prepared by equilibrating dry adsorbent in a 
moisturized and closed system for 20 h at room temperature. The adsorption capacity of BP-poly(DVB)HIPE was 
increased to 0.173 mmol/g in the moisture system.   
4. Conclusion 
The degree of purification of BP was 96.05 % + 0.07 % by the titration method and 96.80 % + 0.36 % by the FT-IR 
method. For the addition of BP solution, the highest possible BP wt% in the BP-poly(DVB)HIPE was 77 wt%. The 
structure of polyHIPE before and after loading BP showed a highly interconnected pore network structure. The surface 
area decreased when the amount of BP increased. When increasing the amount of mixed surfactants, the amount of 
added BP increased. The CO2 adsorption capacity of BP-poly(DVB)HIPE was measured to be  0.117 mmol/g in the dry 
condition and 0.173 mmol/g in the moisturized condition. Though BP in poly(DVB)HIPE generally gives strength to 
the highly porous adsorbent and holds polyamines in its structure, it could not participate as much CO2 adsorption due 
to its large molecular size and probably its coils  prohibited the CO2 molecules from accessing inside the structure. 
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